The selective oxidation of benzylic alcohols to the corresponding carbonyl compounds is described. In alkaline solution, the oxidation reagent potassium tetrasodium diperiodatocuprate(III) dodecahydrate (KNa 4 [Cu(HIO 6 ) 2 ]´12H 2 O) reacts with primary and secondary benzylic alcohols whereby good yields of the corresponding carbonyl compounds are obtained. The presented method provides for the selective oxidation of the benzylic hydroxyl group in compounds containing other types of alcoholic functional groups.
INTRODUCTION
The elimination of hydrogen from an inorganic or organic substrate, the replacement of the hydrogen atom from a C-H bond with a more electronegative element in a chemical reaction is referred to as an oxidation reaction. 1 Transition metal complexes 2 can act as catalysts in organic oxidation reactions. First row transition metal catalysts are often employed in oxidation chemistry because of their high reactivity and general utility. 3 Among the first row transition metal complexes, copper complexes have occupied a major place in oxidation chemistry due to their abundance and relevance in biological chemistry. [4] [5] [6] [7] [8] The oxidation reaction usually involves the copper (II)-copper(I) couple and such aspects are detailed in different reviews. 9, 10 In contrast to the Cu(I) and Cu(II) oxidation state of copper, there are only a few examples of copper(III) complexes which have been isolated and their reactivities have been studied to a very less extent. 11, 12 The oxidation of primary and secondary alcohols to the corresponding aldehydes and ketones has been broadly studied, 13 but most of the reported procedures were not applied to sensitive natural polyfunctional products. A selective oxidation of one specific hydroxyl group in polyhydroxylic compounds is relatively difficult to achieve. Catalytic oxidation processes are thus extremely valuable and those employing molecular oxygen or air use less expensive and environmentally safe reagents. 14 However, by efficient catalysis, aerobic oxidations can proceed under mild conditions and are amenable to the preparation of fine chemicals. 15 In fact, a variety of reported oxidation reagents [16] [17] [18] [19] [20] [21] [22] [23] have been used for the oxidation of different types of alcohols. Some recently reported oxidation reagents are highly efficient in the oxidation of various classes of hydroxyl compounds, [24] [25] [26] [27] and some of them give cleavage products, 28 however no selective oxidation of one specific hydroxyl group was observed. In recent years the oxidation reaction of some benzylic alcohols was studied but most attention was devoted to kinetic studies. 29 Unusual oxidation states of transition metals, such as Cu(III), Ni(III), Ni(IV), and Ag(III) have been extensively studied and recently reviewed. [30] [31] [32] [33] [34] [35] [36] [37] However, most attention was so far devoted to kinetic studies, while no information is accessible regarding synthetic applications. We considered the possibility of obtaining carbonyl compounds from alcohols using the Cu(III) complex partly because it is unusual for copper species to have the charge +3, which means it can easily change charge, and partly because the complex is easily made from inexpensive chemicals.
EXPERIMENTAL

General methods
The reagent was prepared according to the published procedure, 30 and was then checked by its absorption spectrum. The reagents for the complex synthesis were commercially available and were used as received (Carlo Erba, Fluka, Merck). All benzylic alcohols used as substrates were known compounds; some of them were of commercial quality (Fluka), while the others were synthesized as described in the literature. 38 Diethyl ether was purified using standard techniques. Bidistilled water was used for preparing the alkaline reagent solutions. The ratio of the substrate and reagent was 1:1. The reactions were performed in alkaline solution at room temperature or at boiling point of the solvent, depending on the substrate used. The reaction was monitored through the change in the colour of the reaction mixture from dark brown to blue. Satisfactory spectroscopic data (IR, NMR) were obtained for all products, which were characterized by direct comparison with authentic samples.
Preparation of potassium tetrasodium diperiodatocuprate(III) dodecahydrate
A solution of CuSO 4 x5H 2 O (1.56 g, 6.25 mmol), NaIO 4 (2.67 g, 12.5 mmol), K 2 S 2 O 8 (1 g, 3.7 mmol), and KOH (8g, 14.2 mol) in H 2 O (100 mL) was stirred under reflux for 30 min. The dark brown mixture was left to cool to room temperature and was filtered through a Gooch crucible. The solution was then cooled in an ice bath and filtered again. The resulting dark brown filtrate was left to attain room temperature. In order to isolate the complex, a 50 % solution of NaNO 3 was added to the solution and filtrate left to crystallize. Crystallization was complete when the supernatant liquid was colourless. The crystals were filtered and washed three times with H 2 O (each 10 mL) until brown drops were formed under the crucible. An alkaline solution of the complex can be used for one month after preparation if stored at room temperature in the absence of light.
General procedure. Oxidation of benzylic alcohols with potassium tetrasodium diperiodatocuprate (III) dodecahydrate
A solution of benzylic alcohol (10 mmol) in H 2 O (10 mL) was added to an alkaline solution of potassium tetrasodium diperiodatocuprate(III) dodecahydrate (8.58 g, 10 mmol) in H 2 O (100 mL).
The reaction mixture was stirred at room temperature or at boiling point depending on the used substrate until the reaction was completed (see Table I ). The mixture was then extracted three times with diethyl ether (each 25 mL). The organic phase was dried over anhydrous Na 2 SO 4 and then filtered. The solvent was evaporated at normal pressure. The residue was distilled or crystallized to give corresponding aldehyde or ketone and analyzed by GC (comparison with authentic sample), and by other spectroscopic techniques (IR, NMR).
RESULTS AND DISCUSSION
Investigations were carried out with a variety of potentially oxidizable substrates, such as alkanols, cycloalkanols, unsaturated compounds, alkenols and aldehydes.
The experiments showed that the most common open-chain alcohols (from propanol to hexadecanol) did not react. Alkenols,cycloalkanols, unsaturated compounds and aldehydes were also found to be inert towards this reagent. In attempts to initiate the reaction, the reaction conditions were varied. Higher temperatures, longer reaction time, lower pH value, different concentrations of the reactants and different solvents did not significantly affect the reaction.
Next attention was turned to the reaction of a series of benzylic alcohols (Scheme 1). The results summarized in Table I demonstrate that the reaction of all investigated benzylic alcohols leads to the formation of the corresponding carbonyl compounds in different yields.
In the case of some primary benzyl alcohols (1, 7, Table I ), high conversion were obtained. Secondary benzyl alcohols (2, 3, 4, 5, 6 , Table I ) were selectively transformed to the corresponding ketones with satisfactory conversions. Although the oxidation of the secondary alcohol diphenyl carbinol (6, Table I) proceeds to high conversion (100 %), other secondary benzyl alcohols and some primary benzyl alcohols (8 and 9, Table I ), especially with p-substitutents with electron-donating properties, proceed to only low conversions.
Benzyl alcohol, diphenyl carbinol and p-nitrobenzyl alcohol (1, 6, 7, Table I ) reacted very quickly at room temperature and the reaction went to completion within a few minutes, whereas other benzylic alcohols required a longer reaction time (from half an hour to several hours, Table I ). It appeared that substituents on OXIDATION OF SOME BENZYLIC ALCOHOLS Scheme 1.
the aromatic ring and at the carbinol carbon atom affected the yield of benzylic carbonyl product as well as the rate of the reaction. The introduction of electron-withdrawing substituents into the aromatic ring increases the yield compared to alcohols with electron-donating substituents. Substrates with electron-donating substituents, such as 3, 8, 9 (Table I) , reacted less effeciently when compared to substrates containing electron-wirthdrawing groups,such as 4, 5 and 7 (Table I) . The formation of carbonyl compounds from alcohols most likely involves a one-electron transfer from the substrate to the Cu(III) complex, as proposed previously from kinetic studies. 33 In comparison to other reported oxidation reagents, the method described in this paper is proposed for the chemoselective oxidation of benzylic hydroxyl groups. The presented results prove (KNa 4 [Cu(HIO 6 ) 2 ]x12H 2 O) to be an efficient reagent for the selective oxidation of benzylic alcohols. The presented oxidation method has the additional advantage of not requiring highly specialized equipment and expensive reagents. The reaction is fast and easy to perform under mild reaction conditions and requires no complicated equipment. On the other hand, the method gives the possibility of selective oxidation of benzylic hydroxyl groups in polyhydroxyl compounds. Such systems occur in nature and medicine and thus there is considerable interest in devising synthetic methods for their regioselective oxidation. U ovom radu su opisane selektivne oksidacije benzilnih alkohola do odgovaraju}ih karbonilnih jediwewa. U alkalnoj sredini, oksidacioni reagens, kalijum-tetranatrijum-diperjodato-kuprat(III) dodekahidrat, reaguje sa primarnim i sekundarnim benzilnim alkoholima pri~emu nastaju odgovaraju}a karbonilna jediwewa u dobrom prinosu. Ova metoda omogu}ava selektivnu oksidaciju benzilne hidroksilne grupe u jediwewima koja sadr`e razli~ite hidroksilne funkcionalne grupe. 
